cells, the amount of \g=a\-MSH released into the medium was measured by radioimmunoassay every day for 1 week of culture. The total amount of \g=a\-MSHreleased during the first 4 days of culture was 8\m=.\6times higher than the intracellular content of \g=a\-MSH on day 1. Melanotrophs were identified by an indirect immunofluorescence technique using a specific antiserum to \g=a\-MSH. Recordings obtained in whole-cell, cell-attached and excised patch-clamp configurations showed that TRH induced a transient polarization concomitant with an increase in the probability of opening of Ca2 +-activated K+ channels. This transient response was followed by a depolarization accompanied by an enhanced frequency of action potential discharge. TRH 
INTRODUCTION
The tripeptide pyro-Glu-His-Pro-NH2 was origi¬ nally isolated and characterized from the ovine brain for its ability to stimulate the secretion of thyrotrophin (TSH) (Burgus, Dunn, Desiderio & Guillemin, 1969) and was thus named thyrotrophin-releasing hormone (TRH) . In mammals, TRH stimulates both TSH and prolactin secretion from anterior pituitary cells (Bowers, Friesen, Guyda & Folkers, 1971; Vale, Grant & Guillemin, 1973) . It also trig¬ gers the release of prolactin and growth hormone from the GH3 cell lines derived from a rat anterior pituitary tumour (Tashjian, Yasumura, Levine et al. 1968 ; Gourdji, Tixier-Vidal, Morin et al. 1973 ). In amphibians, TRH stimulates prolactin secretion (Hall & Chadwick, 1984) but has no effect on TSH release (Taurog, Oliver, Eskay et al. 1974) . In fish and amphibians, TRH also has the remarkable abil¬ ity to stimulate the release of a-melanocyte stimulat¬ ing hormone (a-MSH) from pituitary melanotrophs (Tonon, Leroux, Leboulenger et al. 1980a ).
There is now clear evidence that TRH-induced stimulation of prolactin secretion by GH3 cells or rat anterior pituitary cells is associated with modifica¬ tions of the electrical activity of the membrane of these cells. TRH induces a transient hyperpolarization and a long-lasting depolarization. This depolar¬ ization is responsible for an increased frequency of action potentials in spontaneously active cells, or the appearance of firings in previously silent cells (Ozawa & Kimura, 1979) .
We have recently shown that frog melanotrophs exhibit action potentials which are predominantly sodium spikes with a calcium component (Louiset, Cazin, Lamacz et al. 1988) . In order to determine the possible involvement of the electrical activity of pituitary melanotrophs in stimulus-secretion coup¬ ling, we have investigated the effect of TRH on membrane potential, potassium conductance and secretory activity of frog pars intermedia cells. We report that, in agreement with studies conducted in normal (Rivier & Vale, 1974; Taraskevich & Douglas, 1977) and tumoral (Gourdji et al. 1973; Taraskevich & Douglas, 1980) Electrophysiological recordings Electrophysiological studies were performed at room temperature (20-22°C) on 2-to 7-day-old cells, using the patch-clamp technique (Hamill, Marty, Neher et al. 1981 (Fig. 3) . During the first phase the secretion of a-MSH rapidly in¬ creased, reaching a maximum within 2 min (532% of the basal level). Despite continued TRH infusion, the secretion rate of a-MSH then decreased dramatically to about 180% of basal. In some exper¬ iments, however, the rapid decrease of a-MSH re¬ lease was followed by a plateau (see Fig. 11 ).
Effects of TRH on membrane potential and spontaneous activity As it was assumed that TRH might interact with a receptor-channel complex or activate a second mes¬ senger system which modifies the channel activity, this study was conducted on cell-attached (n = 6) and outside-out (n = 3) patches. The study in the cellattached configuration was performed under condi¬ tions where the K+ concentrtion (100 mM) in the pipette solution was assumed to be similar to the intracellular concentration of this ion. Figure 6 shows an example of single-channel recording where the activity consisted of short openings of weak out¬ ward currents at the resting potential. When the patch was depolarized, the channel displayed longer and more frequent openings with few closure flickers (Fig. 6a) . No open events were detected at hyperpolarizing potentials. The steady-state current-to-volt¬ age relationship was linear between 0 and + 20 mV and exhibited rectifying properties at more positive depolarizing potentials (Fig. 66) . (Fig. 7) . Large-conductance K+ channels were also re¬ corded in inside-out patches with different internal calcium concentrations. As illustrated in Fig. 8a the open probability dramatically increased when the excised patch was bathed in solutions containing cal¬ cium at concentrations ranging from 1 to 10 (IM.
When internal and external K+ concentrations were equal, the reversal potential was 0 mV, as would be expected for a K +-selective channel (Fig. 8è and c) figure 8. Calcium sensitivity of the large-conductance K+ channels in cultured frog melanotrophs. (a) An inside-out patch was exposed to a symmetrical K+ concentration (100 mM) and the membrane potential was set at +20 mV. As the internal free Ca2+ concentration increased from 0-01 to 10 um, the channel opened more frequently and for longer periods of time, (b) Current records are shown at various potentials in a high calcium concentration (10 (J.m). The current reversed at 0 mV, corresponding to the potassium equilibrium potential, (c) The I-V curve gave a conductance of 286 pS. The bathing solutions contained 100 mM KC1, 1 mM MgCl2 and 10 mM Hepes (pH 7-4). The free Ca2 + concentrations of 0-01, 1 and 10 (IM were buffered with 11, 1-1 and 02 mM EGTA respectively. by a depolarizing pulse is considered as passing mainly through voltage-dependent potassium chan¬ nels (Louiset et al. 1988 ). The amplitude of the peak outward current was measured before and during prolonged TRH administration (1-3 min). The in¬ set of Fig. 9a shows an example of an outward cur¬ rent evoked during a constant test pulse in control conditions, and after 1 min of TRH application, and during rinsing with extracellular solution. TRH reversibly decreased the amplitude of IKV. The av¬ erage time-course (w = 9) of the peak current ampli¬ tude is illustrated in Fig. 9a . Evidence that TRH depressed IKV was also provided by the currentvoltage curves obtained in control conditions and during TRH administration (Fig. 9b) To further our understanding of the ionic mech¬ anisms involved in the inhibitory phase of TRHinduced secretion observed in the presence of TEA, we tested the possible contribution of chloride ions, which are known to produce hyperpolarization by entering the cell. Perifusion with picrotoxin (01 mM), a chloride channel blocker, diminished basal a-MSH secretion (Fig. lie) but did not affect TRH-induced secretion. As shown in Fig. \\d (Ozawa Si Kimura, 1979) or human adenoma cells (Israël, Jaquet & Vincent, 1985) (Israël, Denef & Vincent, 1983) and bovine lactotrophs (Ingram, Bicknell & Mason, 1986) and porcine melanotrophs (Demeneix, Taleb, Loeffler & Feltz, 1986 (Ozawa & Kimura, 1979) and nor¬ mal (Ingram et al. 1986) pituitary cells. Such a bi¬ phasic response has also been observed from wholecell recordings, in spite of the dialysis phenomena occurring in this patch-clamp configuration (Dubinsky & Oxford, 1985) . Comparing classical intra¬ cellular with whole-cell current-clamp recordings, Dufy, Jaken & Barker (1987) Gershengorn, 1987; Ritchie, 1987) . It (Christensen & Zeuthen, 1987) or to cAMP-dependent protein kinase (Ewald, Wil¬ liams & Levitan, 1985) .
Our data, together with previous reports on tumoral pituitary cells (Kaczorowski, Vandlen, Katz & Reuben, 1983; Dubinsky & Oxford, 1985) , indicate that the delayed depolarization induced by TRH is probably linked to the long-lasting decrease of IKV. In fact, both TEA and TRH depolarized the cells and decreased IKV. Kaczorowski et al. (1983) have suggested that TRH and TEA affect voltagedependent K+ conductance by different mechan¬ isms. TEA has a direct blocking effect on K+ chan¬ nels (Armstrong, 1971) Kaczmarek, 1987) .
The results of our parallel studies on the electrical and secretory activities strongly suggest that basal and TRH-induced release of a-MSH may occur by two distinct pathways. Coupling is conceivable be¬ tween the membrane potential and basal secretion. In fact, depolarization and enhanced release were observed when K+ channels were blocked by TEA. Similar findings in rat and mouse melanotrophs have already been reported (Tomiko, Taraskevich & Douglas, 1984) .
The early transient polarization results from the activation of an outward K+ current passing through calcium-activated K+ channels. This cur¬ rent, which is reminiscent of the increase in intra¬ cellular calcium concentration observed in GH3 cells (Gershengorn & Thaw, 1985; Ritchie, 1987) gives rise to the peak of TRH-induced a-MSH release. The delayed depolarization, which is a direct conse¬ quence of the decrease in IKV (Dubinsky & Oxford, 1985) , may induce calcium entry through voltageactivated and dihydropyridine-sensitive channels (Gershengorn & Thaw, 1985) . As (Ozawa & Kimura, 1979) , in the process of a-MSH release controlled by TRH. This concept is supported by the fact that neither dihydropyridines (Lamacz, Tonon, Guy et al. 1988 ) nor tetrodotoxin (data not shown), which are known to act on Ca2+ and Na+ channels respectively, can affect TRH-evoked a-MSH release. In very much the same way, the lack of coupling between TRHinduced electrical and secretory activities has re¬ cently been documented in normal bovine lactotrophs (Cobbett, Ingram & Mason, 1987) .
